Our objective was to study ethnic differences in the cardiovascular risk profile and mortality of stroke admissions to an inner city teaching hospital serving a multiethnic population in Birmingham, UK, over a 9-year period (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005). Hospital case notes and registry data of 3083 patients admitted with a first onset stroke were reviewed. Secular trends in the prevalence of risk factors (hypertension, diabetes, hyperlipidaemia, atrial fibrillation and myocardial infarction), hospital admission rates and 30-day mortality among Afro-Caribbean, European Caucasian and South Asian ethnic groups were analysed. Between 1997 and 2005, there were 3083 first onset strokes, of whom 47.6% (1595) were men, 9.3% Afro-Caribbean, 57.8% European Caucasian and 15.1% South Asian. There was a significant trend towards a reduction in non-haemorrhagic stroke admissions over the study period (Po0.001), with no ethnic variation (P ¼ 0.07). Increases in hypertension and hyperlipidaemia were observed (Po0.001), whereas myocardial infarction showed a decline (Po0.001). Compared to other ethnic groups, South Asian patients were younger on admission (Po0.001), had more hyperlipidaemia (Po0.05) and poorer survival at 30 days (P ¼ 002). We conclude that cardiovascular risk profiles among patients admitted with non-haemorrhagic stroke have changed over the last decade. In particular, hyperlipidaemia has increased, especially among South Asians. The reduced decline in stroke admissions and 30-day survival of stroke in South Asians in recent years warrants further investigation and highlights the importance of a targeted health-care approach in the migrant ethnic minorities.
Introduction
Stroke is a leading cause of premature and preventable death in Britain, and together with its wellknown morbid affliction in survivors, it is a key focus for national health care and research.
1,2 The burden of ischaemic stroke is more prominent among the country's migrant communities, 3 and this relates to the impact of its determinants among these ethnic minorities, most notably, hypertension and diabetes mellitus, which are frequently manifest among South Asian and Afro-Caribbean ethnic groups. [4] [5] [6] [7] [8] [9] Previous epidemiological analyses in the United States have been a valuable insight into the relationship between ethnic variations in ischaemic stroke and the disproportionate distribution of cardiovascular (CVD) risk factors in these groups. 10, 11 Migrant communities living in the United Kingdom have experienced large lifestyle changes, the effects of which are likely to explain the insidious CVD risk profiles manifest in these ethnic groups. [12] [13] [14] Historically, some studies among migrant groups in Britain also suggested that some CVD risk factors were absent in these groups, specifically hyperlipidaemia. 15 However, there is limited information on how trends in CVD risk factors and stroke in South Asians and Afro-Caribbeans have changed in recent years, particularly so in the current decade. 3, 16 The objective of the present study was to investigate ethnic differences in the CVD risk profile and mortality of stroke admissions to an inner city teaching hospital serving a multiethnic population in Birmingham, UK. We tested our null hypothesis that there were no significant interethnic differences in the CVD risk profile and 30-day mortality of stroke admissions, nor any secular trends that were evident over an 9-year period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . We collated data from national mortality registries and hospital records relating to the Sandwell and West Birmingham area, home to a broad multiethnic population.
Methods
Using information of our local West Midlands Regional Health Authority computerized Hospital Activity Analysis register, a database of all patients with a first-in-a-lifetime stroke to Sandwell and West Birmingham Hospitals (SWBH) Trust during the period 1997-2005 (International Classification of Disease (ICD) 10th revision, codes 430-438) was developed. This coding system has been proved free of errors for definitive diagnoses, 17 although errors are found in the coding of non-specific diagnoses such as 'viral infections' or 'gastroenteritis'. To minimize any inaccuracies in coding, we also cross-referenced with our computerized stroke unit database. Moreover, information from hospital case notes was used to add more detailed information on demography and stroke risk factors (hypertension, diabetes mellitus, atrial fibrillation, myocardial infarction, transient ischaemic attack (TIA), hyperlipidaemia and peripheral vascular disease).
Thirty-day case fatality data, obtained from the National Health Tracing Services, were added to this database. 18 Classification of stroke type was based on the radiological evidence available for ICD coding at the time of patient discharge or death. Patients with radiological evidence of haemorrhagic strokes and unspecified aetiology were excluded from the study cohort.
Diagnostic criteria and definitions used for coding Diagnosis of stroke had been defined on clinical symptoms supported by a cerebral imaging (usually a computed tomography (CT) scan) in accordance with the WHO criteria for diagnosis of acute stroke. 19 According to our hospital practice, which is based on standard national guidelines, 20 each patient admitted with symptoms and signs of stroke will be examined by a senior physician before routine blood tests and special radiological investigations (CT/magnetic resonance imaging (MRI)) for the diagnosis of acute stroke and its pathological type within 48 h. Each patient will undergo at least one electrocardiogram (ECG) recording and blood pressure measurements twice daily. Coding of hypertension was based on the defined blood pressure 4140/90 mm Hg on at least two separate readings. Diabetes diagnosis was based on the relevant clinical history and biochemical evidence of at least two measurements of fasting blood sugar readings 47.8 mmol/l. Patients with a total cholesterol level 45.2 mmol/l were considered as hyperlipidaemic. Diagnosis of atrial fibrillation depends on the clinical evidence supported by a 12-lead ECG. History of myocardial infarction was based on ECG evidence supported by elevated cardiac troponin levels. Echocardiographic evidence for diagnosis of valve lesions was mandatory to be given a diagnosis of valvular heart disease. Diagnosis of peripheral vascular disease was based on the patient's clinical symptoms and signs, supported by any radiological evidence of vascular abnormalities.
Data analysis
Data were analysed using SPSS version v14 (SPSS Inc., Chicago, IL, USA). The hospital admission rate within a time period was calculated using the total number of hospital admissions for that period, and the stroke admissions for that time as the numerator. Student's t-test and one-way analysis of variance (ANOVA) tests were used to determine differences between groups with continuous variables and w 2 test was used to compare the categorical variables (for example differences in the prevalence of risk factors between secular time points). The prevalence of risk factors was age-and genderadjusted using the age distribution of total hospital admissions (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Kaplan-Meier plots were used for univariate survival analysis, and Cox regression models were developed for multivariate analysis.
Results
Between 1997 and 2005, there were 3083 hospital admissions, which were first-in-lifetime-strokes, where complete clinical data and mortality data were available. Of these patients, 2405 (78.0%) presented with a non-haemorrhagic stroke, 159 (5.2%) with a haemorrhagic stroke and 519 (16.8%) were unspecified. Of all strokes, 46.6% were men and were significantly younger than women patients (mean (s.d.) 72.1 (10.6) years vs women, 77.1 (10.9) years; Po0.001). South Asians were younger at admission compared to European Caucasians and Afro-Caribbeans (Po0.001; Table 1 ).
Risk factors
Among those patients admitted with non-haemorrhagic stroke, hypertension was the most commonly encountered cardiovascular comorbidity (62.6%), followed by diabetes mellitus (35.0%) and atrial fibrillation (27.4%). Afro-Caribbeans and South Asians had a higher prevalence of diabetes and hypertension compared to European Caucasians (Po0.001), whereas atrial fibrillation and heart failure were more common in the European Caucasian population (Po0.001). South Asians also had a higher prevalence of myocardial infarction and hyperlipidaemia compared to European Caucasians and Afro-Caribbeans (Po0.05; Table 1 ). 
Secular trends in non-haemorrhagic stroke admissions

Secular trends in cardiovascular risk factors
Hypertension, peripheral vascular disease and hyperlipidaemia were all increased between secular time periods between 1997 and 2005 (Po0.001). Myocardial infarction was the only risk factor that showed a significant decrease in prevalence during the same periods for the total stroke population (Po0.001). Among South Asians, hypertension (P ¼ 0.026), peripheral vascular disease (P ¼ 0.019) and hyperlipidaemia (Po0.001) showed a significant increase during the period 1997-2005. During the same period, European Caucasians also showed a significant increase in the prevalence of hypertension (Po0.001), hyperlipidaemia (Po0.001) and peripheral vascular disease (P ¼ 0.003). In contrast, myocardial infarction was decreased in the European Caucasian population (Po0.001). In Afro-Caribbeans, atrial fibrillation (P ¼ 0.039) and hyperlipidaemia (P ¼ 0.007) showed a significant increase in the period 1997-2005 (Figure 1 ; Table 2 ).
Duration of stay and in-hospital mortality
The average duration of hospital stay for the total population was 20. 
Discussion
Contrary to our null hypothesis, there was a decline in rates of hospital admissions with non-haemorrhagic strokes for the total population in recent years, which does correspond to an improvement in CVD risk profile as in myocardial infarction and diabetes for the total population. However, increased hypertension and hyperlipidaemia were seen over the studied period, but may be explained by how the identification of risk factors has improved among stroke patients, in line with a holistic approach in CVD risk management, specifically in South Asians. 21 The data here give an insight into the changing CVD risk profile among ethnic groups. Hence, in South Asians, a CVD risk profile that includes more hyperlipidaemia is likely Ethnicity, cardiovascular risk and stroke A Gunarathne et al to explain why rates of stroke have not fallen to the same extent as those seen in other ethnic groups. While hyperlipidaemia was more common in all ethnic groups, the impact was more so in South Asians, and this may explain the greater 30-day mortality in this group. In recent years, there has been consensus recognition that South Asians is a high-risk group for CVD, and this may have promoted heightened CVD risk assessments specific to this population.
1 Thus, it would be important to investigate the role of dyslipidaemia among South Asians in a community-based study, in view of its impact on stroke aetiology and pathophysiology. Using a hospitalbased approach, South Asian stroke survivors have been found to have significantly higher apolipoprotein B to AI ratios, and higher lipoprotein(a) levels when compared with ethnically matched healthy controls. 22 Given that hyperlipidaemia is a commonly encountered risk factor in CVD, being present in more than 25% of the stroke patients, there is the need to determine the importance of dyslipidaemic management in the treatment and prevention of stroke in a multiethnic population. In two other reported South Asian stroke studies, 50% of the stroke patients had elevated cholesterol levels. 23, 24 In European Caucasians, the prevalence of hyperlipidaemia ranges from 28.7 (Dijon, France), 29.5 (Oxford, UK) to 32% (Manhattan study, USA). 25 In the present study, the prevalence of hyperlipidaemia increased by fivefold in South Asians over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . This raises the possibility of adverse transition of the CVD protective traits in hyperlipidaemia, which were a feature of early migrant populations, to a more atherogenic profile as described in the indigenous population. 13 The majority of the other strokes studies in the United Kingdom have supported a similar decline in the prevalence of stroke 18 but the pace of decline in stroke prevalence in South Asians was not significant, reaching a nadir across the three time periods. This is consistent with the adverse transition of CVD risk profile among South Asians shown here.
This study also shows a declining trend in inhospital mortality rates in all three ethnic groups during the study period. This is well comparable to other reported studies across the world. 26 In the United Kingdom, ethnic disparity in stroke mortality rates has been reported. 29 However, highest case fatality rates in South Asians compared to all other ethnic groups in the current study further demonstrate the vulnerability of this group to the whole spectrum of CVD. 12 There are several limitations to the study analyses, including the hospital-based retrospective registry nature, although stroke prevalence was indirectly determined by calculating proportional hospital admission rates, which is an accepted epidemiological method. 27 Also, the reporting of cardiovascular comorbidities and stroke type is limited by the quality of information that is recorded within case note histories. Reported prevalence rates in this study are purely based on the hospital stroke admissions, where there could be an underestimation of the stroke prevalence in the general at-risk population in the community. However, hospital admission rates in this study are proportional to the prevalence rates reported by Stewart et al. 28 based on the London stroke registry data and population-based stroke study reported by Hsu et al. 29 in Leicestershire. The stable population structure observed among ethnic groups in the hospital catchment area over the studied period legitimates the comparison of prevalence rates between the ethnic groups. Although there has been no change of the ICD 10th revision during the period of our study, threshold levels for diseases like hypertension have changed. This could result in an overestimation of the prevalence rates when analysing and interpreting secular trends. Similarly, there could also be an overdiagnosis of strokes on admissions, specifically in older patients, who are admitted with many other comorbidities. Nonetheless, it may not have contributed to the determination of ethnic differences, as one would assume that changes would apply equally to all cohorts.
In conclusion, cardiovascular risk profiles among patients admitted with non-haemorrhagic stroke have changed over the last decade. In particular, hyperlipidaemia has increased, especially among South Asians, where it showed a fivefold increase. The reduced decline in stroke prevalence and 30-day survival of stroke in South Asians in recent years warrants further investigation and highlights the importance of a targeted health-care approach in the migrant ethnic minorities. 
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